The objective of this study was to evaluate the noninferiority of 2 intramammary treatments for nonsevere clinical mastitis. The 2 treatments were a first-generation cephalosporin (cephapirin sodium, 2 treatments 12 h apart) and a third-generation cephalosporin (ceftiofur hydrochloride, treatments once a day for 5 d). A total of 296 cases on 7 farms met the enrollment criteria for the study. Streptococcus dysgalactiae was the most common bacterial species identified in milk samples from cows with mild to moderate clinical mastitis, followed by Escherichia coli, other esculin-positive cocci, Streptococcus uberis, and Klebsiella spp. Treatment was randomly allocated as either cephapirin sodium or ceftiofur hydrochloride via intramammary infusion according to label standards. Bacteriological cure was defined based on 2 posttreatment milk samples taken at 10 and 17 d after enrollment. Noninferiority of cephapirin relative to ceftiofur was shown for bacteriological cure of gram-positive cases and for clinical cure of all cases. Ceftiofur showed a significantly higher bacteriological cure in gram-negative cases. Treatments showed no significant difference in bacteriological cure of all cases and in time to exit from the study, where the absence of a difference does not imply noninferiority. Based on the findings from this study, farm-specific treatment protocols that differ for gram-positive and gram-negative cased may be developed.
INTRODUCTION
Clinical mastitis (CM) is the most important disease of dairy cattle (Barkema et al., 1998; Gröhn et al., 2004) . Farmers try to combat the disease and minimize the losses due to the disease by treating animals (Roberson, 2012) . Several treatment options are available to treat CM; however, relatively few studies have compared the efficacy of available treatments under comparable circumstances (Waage, 1997; Deluyker et al., 1999; Taponen et al., 2003; Roberson et al., 2004; McDougall et al., 2007 McDougall et al., , 2010 Bradley and Green, 2009 ), and few of these studies were designed as noninferiority studies. Most published randomized controlled trials have been designed to determine whether a treatment is superior to an untreated control. However, efficacy compared with a negative control is not the primary interest of the dairy producer. It can be argued that comparison with existing treatments that are on the market is of more value for day-to-day decision making (Roberson, 2012) . Also, studies that aim to demonstrate equivalence or noninferiority of treatments should be used when there are ethical concerns about leaving animals untreated (Schukken and Deluyker, 1995; Piaggio et al., 2006; O'Connor et al., 2010) . Equivalence or noninferiority is particularly valuable and valid when there are advantages such as reduced costs, reduced dosing frequency, or improved safety of one product compared with a reference product (Piaggio et al., 2006; Powers, 2008) . In the United States, placebo or no treatment controlled trials are the norm for registration of products (US FDA-CVM, 1996) , whereas in the European Union, a positive control trial is recommended for registration of products in their market area, unless a placebo or no treatment control can be justified (European Medicines Agency, 2009) . Throughout the world, several intramammary products for the treatment of CM in dairy cattle contain cephalosporins. Four generations of cephalosporins have evolved, all of which contain the β-lactam sub-structure first found in penicillin. The mastitis treatment products on the US market fall in the first and third cephalosporin generations. First-generation cephalosporins generally have a gram-positive spectrum with limited gramnegative activity (Guérin-Faublée et al., 2003; Pfeifer et al., 2010) , whereas third-generation products have a broader spectrum of activity (Hornish and Kotarski, 2002) . For this reason, there is a specific interest in the efficacy of third-generation cephalosporins against gram-negative organisms (Erskine et al., 2002; Wenz et al., 2005; Schukken et al., 2011) . Although gram-negative organisms are an important cause of CM on well-managed dairies (Erskine et al., 1988; Barkema et al., 1998; Olde Riekerink et al., 2008) , gram-positive organisms such as Streptococcus uberis, Streptococcus dysgalactiae, and CNS remain present in a high number of treated mastitis cases (Apparao et al., 2009) . Further, CM with culture results of "no growth" may represent 30 to 40% of cases (Olde Riekerink et al., 2008; Lago et al., 2010 Hence, despite the potential benefits of third-generation cephalosporins over first-generation cephalosporins (Schukken et al. 2011) , first-generation cephalosporins may eventually be more easily accepted in the dairy industry.
In this study, we compared the treatment efficacy of a 1-d treatment (2 doses at a 12-h interval) with the test product containing a first-generation cephalosporin (cephapirin) to the reference treatment of 5-d oncea-day treatment of a third-generation cephalosporin (ceftiofur). The objective of the trial was to evaluate whether noninferiority of the test product against the reference product could be established.
MATERIALS AND METHODS
The study was conducted on commercial dairy farms in New York State between December 2010 and September 2011.
Study Design
The study design for this treatment comparison study was a noninferiority study. Proving equality of treatments is logically impossible, so a pre-stated margin of noninferiority (Δ) needs to be defined (Piaggio et al., 2006; O'Connor et al., 2010) . In noninferiority studies, the null hypothesis is that one treatment is inferior to the reference product, and the alternative hypothesis is that the new treatment is not inferior by more than the predefined margin (−Δ; Piaggio et al., 2006) . Thus, rejecting the null hypothesis (H 0 ) results in acceptance of the alternative hypothesis (H A ) that the new product is noninferior to the reference product, more formally written as
where P cure is the probability of cure and Δ is the noninferiority margin. In Figure 1 , the principle of a noninferiority study is shown and the possible decisions based on hypothetical study outcomes are explained (adapted from Piaggio et al., 2006) .
Sample Size Determination
The required sample size was calculated using the confidence interval (CI) approach, considering where the CI for the treatment effect lies with respect to both the margin of noninferiority, Δ, and a null effect (treatments are assumed a priori to show equal cure risks). Selection of Δ is often based on results of negative (or placebo) controlled studies, on the basis that Δ will be no more than half the effect expected from a superiority study (Piaggio et al., 2006; Powers, 2008) . Sample size was calculated assuming that the ceftiofur cure risk was approximately 70% (Schukken et al., 2011) and a statistical significance of 5% and power of 80% were chosen. For this study, we defined the acceptable difference in cure, the margin of noninferiority (Δ), as 0.15. The choice of the noninferiority margin was based on a recent study in which ceftiofur-treated cows with mild or moderate CM caused by gram-negative organisms showed a 35% higher bacteriological cure compared with untreated controls (Schukken et al., 2011) . The noninferiority margin of 0.15 is less than half this effect estimate from a superiority study. The same noninferiority margin has been used and suggested in other CM studies (Schukken and Deluyker, 1995; Deluyker et al., 1999) . This choice of noninferiority margin resulted in an estimated sample size per group of 110 cases. The total study size is then twice this number at approximately 220 cases. Sample size calculations were performed with the use of StudySize 2.0.4 (Creostat HB, www.creostat.com). To allow for animals that were culture negative at first detection of CM, the objective was to enroll 300 cows in the study. We thereby 6765 assumed that at least 220 cows would show complete data.
Inclusion Criteria for Farms and Cows
Farms were eligible for inclusion in the study when the herd size was at least 200 cows, milked twice a day, participated in monthly DHIA testing including individual SCC testing, kept accurate records of CM cases, and were interested in participating in the study and able to collect data throughout the trial.
Cows were eligible for inclusion in the study when they were in parity 1 to 7, were more than 25 d from anticipated dry-off date, had experienced no CM in the last 30 d and had received no treatment with antibiotics for another disease in the last 30 d, were not enrolled in the study previously, had only one quarter with CM, and were not clinically classified as severe (see below).
Clinical Severity Score
The clinical scoring system to classify CM cases based on clinical severity that was used in this study was proposed and evaluated by Wenz et al. (2001 Wenz et al. ( , 2006 . In addition to abnormal milk, this system is based on measurement of rectal temperature, hydration status, and clinical attitude. Severity of clinical signs was scored as mild, moderate, or severe. Only cows with a mild or moderate score were included in this study. A score of mild was assigned when the milk was grossly abnormal and no other local or systemic signs of inflammatory disease were seen; a score of moderate was assigned when the milk was grossly abnormal and there was firmness or swelling of the affected mammary gland, but none or only one of the systemic signs of inflammatory disease were seen. A score of severe was assigned if the milk was grossly abnormal, there was firmness or swelling of the affected mammary gland, and at least 2 of the following systemic disease signs were seen: rectal temperature ≥39.5°C (103°F), hydration score showing moderate to marked enophthalmos, and attitude score showing signs of marked depression (Wenz et al., 2001 (Wenz et al., , 2006 .
Treatment Protocols and Randomization
The 2 treatments in the study were (1) treatment according to label of ToDAY (Boehringer Ingelheim, St (B) and (C) if the CI lies to the right of the noninferiority margin (−Δ) and includes zero, cephapirin is noninferior; (D) if the CI lies wholly to the right of −Δ and wholly to the left of zero, cephapirin is noninferior using the predefined noninferiority margin (−Δ), but it is also inferior in the sense that cure with cephapirin is significantly less than the cure obtained with ceftiofur; (E) if the CI includes -Δ and zero, the result regarding noninferiority is inconclusive; (F) if the CI includes −Δ and is wholly to the left of zero, ceftiofur is significantly better but the result is inconclusive regarding possible inferiority of magnitude Δ; (G) if the CI is wholly below −Δ, cephapirin is inferior to ceftiofur. Adapted from Piaggio et al. (2006) . Joseph, MO), comprising 2 treatments of a 10-mL disposable syringe containing 200 mg of cephapirin sodium per syringe at an interval of 12 h; and (2) treatment with Spectramast (Zoetis, Kalamazoo, MI) once a day for 5 d with a 10-mL disposable syringe containing 125 mg of ceftiofur hydrochloride per syringe. Spectramast has a flexible treatment duration for treatment up to 8 d on its label, and the 5-d treatment was chosen based on our previous study (Schukken et al., 2011) . When cows were diagnosed with CM, the study manager on the farm completed an enrollment form and when a cow met the enrollment criteria, randomization into 1 of 2 treatments took place. Randomization took place through the opening of a numbered envelope. The envelope contained detailed treatment instructions and treatment forms. Envelopes were accounted for and any deviation from the numbering scheme was noted and investigated. After establishing the treatment protocol, animals were sampled and treatment was initiated.
Data Quality
Sampling and clinical data collection were done by farm staff. Farm staff was trained to identify mastitis, enroll cases, take samples, fill out paperwork, and continue to monitor animals with clinical disease scores and repeat sampling for bacteriological culture. Farms were visited on a regular basis and at least monthly. The herd managers at the participating farms were continuously provided feedback with regard to their data quality. Inaccuracies or uncertainties were resolved with the herd manager as far as possible. All data were entered into a database and checked for internal logic and outliers. All flagged data points were resolved through further investigation. Decisions on eligibility and inclusion in the study and data analysis were documented and signed by the first author (YHS).
Flow of Events for a Cow in the Study
A cow with a case of CM was identified by the milkers on the participating dairy farms. After identification of the case, the animal was segregated and further observations were performed by trained farm staff. The inclusion form for each case of CM was completed. Only cows that met all eligibility criteria were entered into the study. When a cow met all eligibility criteria, the cow was randomized to 1 of the 2 treatments. Randomization took place through the opening of a numbered envelope. The envelope contained detailed treatment instructions and treatment forms. Before treating a cow, the teat of the affected quarter was thoroughly disinfected and 3 streams of milk from the affected quarter were discarded. A milk sample was taken and immediately placed on ice and eventually stored in the on-farm freezer. Milk samples were collected regularly (at least monthly) and transported on ice to the laboratories of Quality Milk Production Services (Ithaca, NY). After the sample was taken, the teat end was disinfected again and treated with the allocated treatment. The cow was marked as antibiotic positive using a leg band. The treatment form was then completed and initialed. Treatments were completed at the next milking (cephapirin) or during the next days (ceftiofur). For each treatment, a dated and signed treatment form was completed. At approximately 10 d (±2 d) and 17 d (±2 d) after the onset of treatment, a milk sample was collected from the affected quarter using the previously described procedures. This relatively short interval between the end of treatment and first sample was chosen to accommodate the generally short duration of Escherichia coli IMI (Pyörälä et al., 1994) , thereby preventing the risk of new infections to distort the observed cure risks (Schukken et al., 2011) . At the 2 posttreatment sampling moments, a clinical score was also obtained. At any point during enrollment in the trial, the farm owner or herd manager was allowed to withdraw a cow from the study and treat her with additional or different treatments. Before any treatment outside the defined protocols was applied, a milk sample was collected and a clinical score was completed on the cow. In such cases, an adverse event form was completed by the herd manager, dated, and initialed.
Bacteriological Culture
Approximately 0.01 mL of milk was streaked on trypticase soy agar containing 5% sheep blood and 0.1% esculin (PML Microbiologicals, Mississauga, ON, Canada) and plates were incubated aerobically at 37°C for 48 h. After observation of colony morphology and hemolytic patterns on blood agar, isolates were examined further by means of 3% KOH, Gram staining of organisms, catalase and oxidase testing, and additional biochemical and metabolic evaluations as needed. Gram-negative organisms were identified by colony morphology on MacConkey's agar (National Mastitis Council, 1999) .
Primary and Secondary Outcomes
Primary outcomes were bacteriological and clinical cure. Secondary outcomes were days in the study; this parameter reflects the percentage of cows that were removed by the owner from the study. Bacteriological cure was defined as cure in a quarter that was infected at the start of treatment and where the organism that was identified at the start of treatment was not present in any of the 2 posttreatment samples. If a cow was removed from the trial after enrollment and initial treatment by the producer for reason of insufficient progress during the follow-up period, the affected quarter was sampled before any other treatment. In such situations, the case was considered a failure of both bacteriological and clinical cure. The reason that such cases were considered a failure for both clinical and bacteriological cure is that the animal clearly did not respond well to the assigned treatment and it is assumed that the reason for this was an inability of the treatment to resolve the intramammary infection. The analysis was therefore based on the "intention-to-treat" set of animals; that is, all randomized animals that received an initial treatment were included in the analysis (O'Connor et al., 2010) . If no follow-up samples were taken for other reasons than insufficient progress (such as "forgot to take a sample") for the 2 posttreatment sampling times, the case was considered ineligible for evaluation of bacteriological cure but could still qualify for evaluation of clinical cure.
Clinical cure was defined as the presence of normal milk and a normal gland on the 2 posttreatment evaluation days, approximately 10 and 17 d after the start of treatment. If a cow was taken off the trial during the follow-up period, the case was considered a failure of clinical cure using the same arguments as mentioned previously for bacteriological cure.
Survival in the study was evaluated by determining the end of study for each enrolled case. A cow fully survived in the study if she went through all treatments and all posttreatment samplings. When a cow was taken off the study for reasons identified by the herd manager, the day that she was taken off the study was noted and used as the endpoint for this analysis.
Statistical Analysis
Statistical analysis of the primary outcomes was done using generalized linear mixed models, taking into account important covariates such as the parity of the cow, days in milk at the time of treatment, and quarter location. The analysis was corrected for within-farm clustering using random farm effects. The primary predictor variable of interest was the treatment group. The logistic regression model that was used for bacteriological cure (model [1] ) and clinical cure was Logit (cure) = intercept + parity + days in milk + treatment + farm (random) + error,
where cure is either bacteriological or clinical cure, parity is parity of the enrolled cow, days in milk is days since calving of the enrolled cow categorized in sets of 100 d, treatment is a binary variable indicating either cephapirin or ceftiofur, and farm is a set of indicator variables for farm. A second model was used to evaluate the effect of bacterial group (gram-positive vs. gram-negative bacteria) on cure (model [2] ). In this model, bacterial group and an interaction of bacterial group with treatment was added to the previously shown model. Least squares means were calculated from the models and used to calculate the difference between treatments. Confidence intervals of the treatment difference were calculated using the least squares means from the regression models and the standard deviation (SD) of the treatment difference estimated from the variance (Var) of the obtained treatment-specific least squares means:
Time in the study was evaluated using Kaplan-Meier survival curve estimation. The difference in the survival curve was evaluated using the Log-Rank statistic. For all analysis, a P-value of 0.05 was used. All analyses were done in SAS version 9.3 (SAS Institute, 2009) using PROC GLIMMIX and PROC LIFETEST.
RESULTS

Descriptive Results
Clinical mastitis cases were enrolled on 7 dairy farms in New York State that met the farm eligibility criteria. Farm characteristics of the farms enrolling cases are shown in Table 1 . These 7 farms contributed a total of 321 cases to the study. After reviewing the data after the trial, 25 of these contributed cases were considered ineligible for further analysis, resulting in 296 enrolled cases. The reasons for ineligibility were not related to study outcome or treatment group and included failure to adhere to the treatment protocol (e.g., the use of 5 instead of 2 treatments with cephapirin), failure to collect the initial milk sample, and loss of trial records. In any of these situations, a valid case evaluation was impossible. The final data set used for analysis included 296 enrolled cases that met the "intention to treat" criterion. We observed no significant differences in age, DIM, or quarter location between the 2 treatment groups (P > 0.20 for all comparisons). The IMI status at the time of first treatment for all eligible cases is shown in Table 2 .
Bacteriological Cure
Cases were only eligible for bacteriological cure when the treated quarter was infected at the time of entry into the study. From Table 2 , it can be seen that this was the case for 193 cases, 96 in the ceftiofur group and 97 in the cephapirin treatment group. Bacteriological cure was observed in 130 of the 193 cases (67%): 71 out 97 in the ceftiofur group (73%) and 59 out of 96 (61%) in the cephapirin group. Bacteriological cure by initial bacteriological status and by treatment group is shown in Figure 2 . When the results were separated for gram-negative and gram-positive bacteria, the difference between ceftiofur and cephapirin was virtually zero in gram-positive bacteria (67% cure for ceftiofur vs. 68% for cephapirin), but the difference in bacteriological cure was greater for gram-negative bacteria (79% for ceftiofur vs. 50% for cephapirin).
Mixed model logistic regression of bacteriological cure resulted in a numerically better cure risk in ceftiofurtreated cases compared with cephapirin-treated cases (Table 3) ; the least squares means estimates of cure were 74% and 62%, respectively. The difference between the 2 treatments, however, was not statistically significant (P = 0.08). The results of the final logistic regression model are shown in Table 3 . The most important parameter in bacteriological cure model [1] was the odds ratio for treatment, which indicated that bacteriological cure due to cephapirin was approximately 0.57 times that for ceftiofur. This odds ratio was not significantly different from 1 as the confidence interval was between 0.30 and 1.07. The results for bacteriological cure model [2] showed a significant interaction of treatment and gram-negative infection status. Animals with a gram-negative infection treated with cephapirin showed a significantly lower risk of cure compared with those treated with ceftiofur. Animals with a grampositive infection showed identical risk of cure for both treatments, and a true noninferiority of cephapirin relative to ceftiofur was shown. Calculation of the cure difference was done with the results of model [1] and model [2] , and the cure differences with 95% CI are shown in Figure 3 .
Clinical Cure
Clinical cure was observed for 184 out of 296 enrolled cases (62%) and was equal between the 2 treatment groups, with both showing a clinical cure of 62%. Clinical cure was 71% for the quarters with no discernible IMI at enrollment, 63% for gram-positive bacteria, and 49% for gram-negative bacteria. Differences in clinical cure for gram-positive bacteria between the treatment Culture results that fall in this category are defined in Table 2 . Other cocci include esculin-positive cocci, including non-Strep. uberis streptococci, Enterococcus spp., and Lactococcus spp. These organisms were not further speciated. 2 Included in the "Culture negative, other" category in Table 1. groups were small (62% for ceftiofur-treated cases and 65% for cephapirin-treated cases) and somewhat larger for gram-negative bacteria (44% for ceftiofur-treated cases and 56% for cephapirin-treated cases). The relationship between bacteriological cure and clinical cure was strong. In bacteriologically cured cases, 77% also showed clinical cure, whereas the bacteriologically noncured cases showed only 39% clinical cure. Mixed model logistic regression of clinical cure resulted in a numerically identical cure risk in ceftiofurtreated cases compared with cephapirin-treated cases; the least squares means estimate of cure was 63% for both treatments. The difference between the 2 treatments was not statistically significant (P = 0.95). The results of the final logistic regression model are shown in Table 3 . The most important parameter in this table is the odds ratio for treatment, showing that clinical cure was approximately 1.02 times higher for ceftiofurtreated cows compared with cephapirin-treated cows. This odds ratio was not significantly different from 1 as the confidence interval was between 0.64 and 1.65. The difference in clinical cure was calculated from the results of the logistic regression and the point estimate and 95% CI of the cure difference between the 2 treatments is shown in Figure 3 .
Time in the Study
Time in the study was measured as the time between study enrollment and the time that the animal was taken off the study, either because all observations were completed or because an adverse effect or a decision by the herd manager resulted in taking the cow off the study. A total of 48 cows were taken off the study (16%): 18 for the ceftiofur group (12%) and 30 for the cephapirin group (21%). One farm (C) removed a high proportion (50%) of enrolled animals from the study compared with the other study farms. On farm C, 10 of 12 cephapirin-treated animals and 3 of 14 ceftiofurtreated animals were removed. All the animals that were taken off the study were considered as bacteriological and clinical noncures (see earlier). Among the cows that were initially infected with gram-positive bacteria, 18 (16%) were taken off the study; for animals initially infected with gram-negative bacteria, 20 were taken off the study (27%). The survival curve for cows to remain in the study is shown in Figure 4 . The increased exit from the study in cephapirin-treated animals is clear from this graph and appeared to occur in the first week of the treatment; thereafter, the rate of exit between the 2 treatment groups was virtually identical. Log-rank analysis of the data indicated no significant difference between the 2 treatment groups in time to exit from the study (χ 2 = 0.76, P = 0.38). When the same analysis was done to compare gram-negative cases with all other cases, we observed a significant increased rate of exit for gram-negative cases in the Log-rank test (χ 2 = 7.64, P = 0.0057). Among the gram-negative cases, no statistically significant difference was observed between cows treated with ceftiofur compared with cephapirin (χ 2 = 0.23, P = 0.63).
DISCUSSION
We performed a positive-control randomized trial to evaluate the difference in treatment efficacy of 2 intramammary treatment protocols in nonsevere CM. The study objective was to evaluate 2 treatment protocols that were used according to label. This implied that treatment duration was not identical and was 12 h for cephapirin and 5 d for ceftiofur. Although cephapirin is only applied in a 12-h time period, the formulation is such that it produces antimicrobial concentrations >0.1 μg/mL for 36 to 48 h (Gorden et al., 2013) . The most important findings are summarized in Figure 3 . The 2 treatment groups did not differ in clinical cure: both groups showed a clinical cure of approximately 62% and noninferiority of cephapirin relative to ceftiofur was shown. The risk of bacteriological cure was numerically higher in ceftiofur-treated cases compared with cephapirin-treated cases, estimated at 74% and 62%, respectively. However, this difference was not statistically significant and noninferiority was inconclusive due to spanning of the CI of the noninferiority margin. This study was designed such that there was sufficient power in the study to detect a difference between the Figure 3 . Graphical representation of the main outcomes of this noninferiority trial. Black block indicates point-estimate of difference in cure between cephapirin and ceftiofur; arrowheads indicate 95% CI; shaded area indicates zone of noninferiority. All cases = bacteriological cure of all cases: the CI spans both zero and the noninferiority margin (-Δ), noninferiority is inconclusive, and no significant difference exists between the 2 treatments. Gram-negative = bacteriological cure in gram-negative cases: the CI spans -Δ but not zero, ceftiofur is significantly better, but noninferiority is inconclusive. Gram-positive = bacteriological cure in gram-positive cases: the CI spans zero but not -Δ, noninferiority is proven, and no significant difference exists between cephapirin and ceftiofur. Clinical cure = clinical cure: the CI spans 0 but not -Δ, noninferiority is proven, and no significant difference exists between cephapirin and ceftiofur. 6771 2 treatment groups if the real difference was at least 15%. Because the observed difference was smaller than this critical value, the statistical analysis resulted in a nonsignificant finding and we essentially lacked power to identify a significant difference of the observed size. This is obvious in Figure 3 , where the CI of the difference in cure spans both zero and the noninferiority margin, Δ. The test of noninferiority was therefore inconclusive. Obviously, the choice of the noninferiority margin will affect the sample size and potential conclusions from a study. The noninferiority margin that we chose is one generally used in mastitis treatment trials (Schukken and Deluyker, 1995) .
When the difference between treatments was analyzed further, it became obvious that a large difference in cure was observed when gram-negative mastitis cases were treated. This is shown in more detail in Figure  3 . In cases of gram-negative mastitis, the difference in cure between cephapirin and ceftiofur is approximately −0.32 and the CI does not span 0 but does span the noninferiority margin of −0.15. As previously reported, gram-negative organisms in general (Pfeifer et al., 2010) and mastitis gram-negatives specifically (Guérin-Faublée et al., 2003) are more often resistant to firstgeneration cephalosporins, but generally sensitive to third-generation cephalosporins (e.g., Bengtsson et al., 2009) . From the findings in our trial, we conclude that cephapirin has a significantly lower cure risk of gramnegative cases but noninferiority is inconclusive. In contrast, the difference in cure between the treatments for gram-positive cases was very small, at 0.01, and the confidence interval did not span the noninferiority margin and did span zero. From these findings, we can conclude that cephapirin is noninferior to ceftiofur for the treatment of gram-positive cases of clinical mastitis. The absolute risk of cure of gram-positive organisms was approximately 70%, about 10 percentage points lower than the cure risk reported by Apparao et al. (2009) . The strict adherence to the "intention to treat" principle in our study, as suggested by the REFLECT (Reporting guidElines For randomized controLled trials for livestoCk and food safeTy) statement (O'Connor et al., 2010) , may have resulted in this apparent difference in cure risk. Despite the difference in bacteriological cure risk between the 2 treatments, no difference between the treatment groups was observed for clinical cure. In both treatment groups, the clinical cure risk was 63%. A difference was observed in clinical cure between gram-positive (higher) and gram-negative (lower) cases of nonsevere clinical mastitis but no significant (P > 0.2) or clinically important differences between the treatment groups were observed. As shown in Figure 3 , the difference in cure risk between the 2 treatments was zero and the CI for this estimate did not span the noninferiority margin. From this, we may conclude that cephapirin is noninferior to ceftiofur with regard to clinical cure. We evaluated cure at 10 and 17 d after the initiation of treatment, and this relatively short interval between treatment and evaluation of cure may have lowered the overall clinical cure risk relative to studies in which treatment evaluations are performed later.
Initial rate of exit from the trial was higher in the cephapirin-treated cases compared with the ceftiofurtreated cases. This study was not set up as a blind trial, and herd managers were aware whether a cow was treated for only 1 d (cephapirin) or for 5 d (ceftiofur). This may have biased the herd managers, particularly on farm C (see Figure 5) , toward further treatment of cephapirin-treated cows, thereby defining these cases as failures with regard to bacteriological and clinical cure.
The differences in bacteriological cure between ceftiofur and cephapirin should be weighed with the cost and effort of treatment and discarded milk when making decisions on treatment protocols (Steeneveld et al., 2011) . When using the results of this study to infer to actual dairy farm circumstances, it is important to review the inclusion criteria used in this study. For example, cases occurring within 30 d of a previous case were not included in this study. From the data obtained in this study, several potential treatment protocols or treatment flowcharts may be developed. Particularly, farms with rapid access to culture results of clinical cases would benefit from making treatment protocols that are specific to the identified microorganism. Although we did not perform a formal cost-benefit analysis, some herds that do not use a culture-based approach for the treatment of CM may see an economic benefit from selecting cephapirin, with the shorter duration of nonsaleable milk (4.5 vs. 8 d), as the first treatment of choice. This would be particularly true in herds that have an average or below-average incidence of gram-negative organisms causing CM. The information obtained in this study and others may guide herd advisors to develop herd-specific protocols.
CONCLUSIONS
We conducted a large, multi-herd, noninferiority study comparing a 1-d treatment of a first-generation cephalosporin (cephapirin) with a 5-d treatment of a third-generation cephalosporin (ceftiofur). Cephapirin Table 3 ) and clinical cure (%) for the 2 treatment protocols using cephapirin and ceftiofur on the 7 farms (A to G) included in this study.
was not inferior with regard to clinical cure and bacteriological cure of gram-positive bacteria. However, ceftiofur showed a significantly higher bacteriological cure of gram-negative infections associated with mild and moderate CM. These and similar results may be the basis for developing farm-specific CM treatment protocols.
